Variation of hydraulic parameters for unsaturated soil in bank slopes during reservoir water rising or falling process is crucial to scientific analysis and evaluation of bank slope stability. In this paper, soil samples from the Woshaxi landslide in the Three Gorges Reservoir were taken for a permeability test under reservoir drawdown conditions using an independently developed apparatus, which can simulate the variation process of internal seepage in bank slope soils. Changes of particle gradations, soil-water characteristic curves, and unsaturated permeability functions of the soil samples during reservoir falling process were studied by combining with the physical empirical model and numerical simulation. Permeability test results show that fine particles in soil samples migrated and were lost under seepage force action during the tests, leading to a continuous decrease of fine particle content indicated in the grain size distribution curves, in which particles with a size less than 0.02 mm lose the most. As permeation time increases, the soil saturated permeability enhances constantly with the change rate increasing first and then decreasing. The soil-water characteristic curves change obviously in the high matrix suction section (10~10 4 kPa), and the volumetric water content decreases constantly and shows a positive correlation with the fine particle content. During the permeability test, the unsaturated permeability coefficient corresponding to a fixed matric suction increases with the drawdowns of the reservoir water level. Slope stability results show that neglecting the variational characteristics of hydraulic parameters in slope stability evaluation can result in a bigger safety factor, which is dangerous for slope safety evaluation. The research results can provide a scientific basis for the stability analysis and evaluation of the bank slopes in the Three Gorges Reservoir Area.
Introduction
Landslides in the reservoir area, as a common natural hazard, are prone to being triggered by water level fluctuations. After the impoundment of the Three Gorges Reservoir, water level changes during reservoir operation have brought an adverse impact on the stabilities of numerous bank slopes [1] [2] [3] . To be specific, the periodic rise and fall of reservoir water level changes the seepage field inside the bank slope, and the long-term immersion can lead to variations of the physical and mechanical properties of slope soils during reservoir operation, which would then affect the stability of the bank slope and result in the reactivation of ancient landslides and the occurrence of new landslides [4] [5] [6] . Statistics shows that about 4600 landslides had occurred in bank slopes before the impoundment of Three Gorges Reservoir, in which approximately 42.7% occurred with the leading edge below the normal reservoir water level of 175 m [7] . As bank slope soils in the drawdown area is in a cyclic saturated and unsaturated state during reservoir operation, the slope stability should be studied based on the seepage field calculated with unsaturated seepage methods. Before the analysis of unsaturated seepage flow, relevant hydraulic parameters of unsaturated soil should be determined firstly, such as soil-water characteristic curve and hydraulic conductivity function. The accuracy of these hydraulic parameters is the key to scientifically analyzing and evaluating the stability of the bank slope in the reservoir area [8] [9] [10] [11] . Therefore, it is particularly significant to effectively determine the hydraulic parameters of unsaturated soils in the bank slope during reservoir operation.
In recent years, a lot of researches have been done related to the determination of hydraulic parameters of unsaturated soil on the bank slope. Through in-situ tests, Jian et al. [12] had measured the real-time variation of moisture content and matrix suction for the topsoil on the loess landslide in the Three Gorges Reservoir, and well fitted the hydraulic conductivity function under unsaturated conditions with the Van Genuchten model. Wei et al. [13] had evaluated the soil-water characteristic curve of the gravelly soil layer of the sliding mass of the Xietan landslide using a double-ring technique and indicated that the saturation permeability coefficient was closely related to material porosity and particle size distribution. Wayllace et al. [14] proposed the transient water release and imbibition method to determine the soil-water characteristic curves and hydraulic conductivity functions, which could effectively determine the unsaturated hydraulic parameters of different types of soil mass in the unsaturated state by combining with a physical test and numerical simulation. After studying and analyzing the particle fractal characteristics and soil-water characteristic curves of the sliding zone soil and surface soil, Zuo et al. [15] proposed the method of combining particle size fractal dimension with the Brooks-Corey model to predict the soil-water characteristic curves, with the predicted results in good consistency with the measured soil-water characteristic curves.
Although previous researches have provided significant contribution to the knowledge of the hydraulic parameters of unsaturated soils in bank slopes, most studies basically assumed that the physical properties and hydraulic parameters of the slope soils did not change when the reservoir water rose or fell, without considering the influence of reservoir water fluctuations on the particle distribution and permeability characteristics of bank slope soils during the actual reservoir operations. Existing studies have found that soils are prone to seepage erosion under the action of osmotic force [16] . The migration and loss of fine particles during seepage erosion will change the soil particle degradation and result in the variation of pore structure, which directly affects the soil's hydraulic parameters [17] [18] [19] . Thus, in order to obtain real and objective hydraulic parameters of slope soils, it is necessary to consider the dynamic characteristics of soil hydraulic parameters in the course of reservoir water rise or fall. In the light of that, in this study, a novel seepage device was independently developed to simulate the dynamic seepage process inside the soil of a bank slope. Grain size distributions, soil-water characteristic curves, and hydraulic conductivity functions of the sliding soil from the Woshaxi landslide in the Three Gorges Reservoir during the falling processes of reservoir water level were studied for obtaining more accurate hydraulic parameters to analyze the bank slope stability.
Experimental Study

Experimental Setup.
Owing to the variation of the seepage field in a bank slope when subjected to reservoir water fluctuations, the position of the phreatic line, the values of the hydraulic head and gradient, and the seepage direction of the soil mass below the phreatic line vary constantly, which makes it difficult to effectively determine the soil hydraulic parameters during reservoir operations with conventional seepage test equipment. To make an improvement, a new permeation apparatus shown in Figures 1 and 2 was developed to truly simulate the variation process of a seepage field inside the bank slope soil. By constantly adjusting the inclination angle of the sample holder and values of the tested water head to simulate the changes in seepage direction and hydraulic gradient in the soil mass, respectively, the apparatus can dynamically simulate the seepage field of a soil mass at a certain position in the bank slope during the fluctuations of reservoir water level and measure the hydraulic parameters in the dynamic process.
The permeation apparatus is composed of the permeameter unit, the water supply unit, and the water collecting unit (see Figure 1 ). The permeameter unit mainly consists of a sample holder, a rotating support, and a fixing support (see Figure 2 ). In order to facilitate the observation of experimental phenomena during the test, the sample holder is comprised of a transparent plexiglass pipe, with the internal diameter being no less than 5 times that of the characteristic particle size d 85 and the length being 2~3 times that of the internal diameter [20] . The sample holder is divided by the upper and lower porous plates into the water-entry buffer section, the sample section, and the water-exit section, in which the water-entry buffer section is filled with gravels for the purpose of the water-entry buffer and uniform infiltration. The tested soil sample is placed in the middle of the sample holder and separated with the porous plate by a gauze net. Gaps between the porous plate and the pipe wall are sealed with waterproof plasticine to prevent the loss of large soil particles. The supporting tube in the water-exit section is a transparent plexiglass pipe with permeable holes on the wall to facilitate the observation of the seepage flow.
A rotating support is installed on a fastening bolt outside of the sample container and fixed in the middle position of the fastening bolt through the nut. Both ends of the rotating support are placed in the slot of the fixed vertical bracket plate. By controlling the rotation of the rotating support, the inclination angle of the sample holder can be adjusted to simulate the dynamic change of seepage direction in the sample.
The water supply unit is composed of a water tank, a water pump, and a water supply bucket. An overflow pipe is installed on the side wall of the water supply bucket to ensure a constant water head and achieve the function of water recycling. The water collecting unit contains a water collecting bucket and a measuring cylinder, in which the measuring cylinder collects water that overflowed from the hole on the side wall of the water collecting bucket. During the test, the water head on both sides of the sample can be dynamically set by adjusting the height of the water supply bucket and the collecting bucket. 
Geofluids
Specifically, the soil-water characteristic curve can approximately be determined according to the particle distribution curve of the soil sample using the following formula:
where S is the degree of water saturation; PðdÞ is the particle size distribution function; d is the particle size; σ is the surface tension coefficient of water; γ w is the unit weight of water; e is the void ratio; R ou is the correction factor; Ψ is the matric suction; and a and b are fitting parameters. When using the physical empirical model to predict the soil-water characteristic curve of the tested soil sample, the following steps are included:
(1) Determine the void ratio e and particle size distribution function PðdÞ (3) Calculate the value of S corresponding to a different value of Ψ by repeating step (2) . Obtain the corresponding relation between volumetric water content and matric suction by converting saturation S into volumetric water content, that is, the soil-water characteristic curve
Considering that the sliding soil mass of the Woshaxi landslide in this study is relatively similar to that of the Xitan landslide, the fitting parameters a and b in this paper are back-calculated from the existing tested data on Xitan sliding soils [13] : a = −0:5932 and b = 3:3819 for Ψ < 50 kPa and a = 0:6228 and b = 1:5869 for Ψ > 50 kPa.
Hydraulic Conductivity Function Determination.
At present, methods to determine the hydraulic conductivity function are mainly divided into two categories: direct test method and indirect prediction method based on an established function model. The latter method is widely used in practice because of its convenience and effectivity [22] [23] [24] [25] . Functional models widely used in geotechnical engineering are the Fredlund-Xing model [26] and the van Genuchten model [27] . Both can predict the hydraulic conductivity function through a soil-water characteristic curve and saturated hydraulic conductivity. In this paper, the Fredlund-Xing function model, built in the Seep/W module of the Geo-studio software, is used to determine the hydraulic conductivity function of a tested soil sample by inputting the calculated soil-water characteristic curve and measured saturated hydraulic conductivity.
Test Sample.
The soils tested in this paper were taken from the sliding mass above an elevation of 175 m in the Woshaxi landslide in the Three Gorges Reservoir (see Figure 3 ), where the soils were scarcely affected by the fluctuation of the reservoir water level. They can objectively reflect the physical and mechanical characteristics of the soil before reservoir impoundment. Physical parameters and the grainsize distribution curve of the tested soil shown in Table 1 and Figure 4 indicate that the tested soil belongs to coarse granular soil. As the nonuniformity coefficient C u > 5 and curvature coefficient C c < 1, the soil sample is poorly graded with nonuniform distribution.
The soil content of the tested sample is 54.3% if 2 mm is taken as the dividing particle size of soil and rock parts 4 Geofluids [28] . As the water content of the soil is high, 13 .1% in natural water content, soil particles are prone to be consolidated into blocks or aggregates formed by soils and rocks. Generally, due to the small size of the sample holder, the insitu selected soils were remolded in the laboratory and then used as tested samples.
Test
Procedure. In order to study the variation law of a grain-size distribution curve, a soil-water characteristic curve, and an unsaturated hydraulic conductivity function of unsaturated soil of the sliding mass in the Woshaxi landslide during the reservoir water drawdown process, the independently developed apparatus introduced in Section 2.1 is used to simulate the seepage process at point A (see Figure 5 ) in the sliding mass of the Woshaxi landslide. The grain-size distribution curves and soil-water characteristic curves of the soil mass at point A in the reservoir water drawdown course are tested and evaluated through a combination 5 Geofluids of permeability tests and numerical simulations. The specific procedure for the tests and evaluations is described below, with the flow chart shown in Figure 6 .
(1) Firstly, assume the first moment n = 0 day (initial time) and evaluate the soil-water characteristic curve and hydraulic conductivity function of the initial soil sample with the method mentioned in Section 2.2. Divide the soil samples for stratified sample loading, with 2~3 cm in thickness for each layer. To ensure that the particle size distribution of each layer is consistent with that of the whole, gentle compaction with a wooden hammer was conducted on each layer to achieve the required dry density of the sliding soil. After sample loading, the water supply bucket slowly supplied water to fill the permeameter from bottom to top until the air in the whole device was discharged (2) Calculate the unsaturated seepage field based on the numerical model established through the Seep/W module of the Geo-studio software (see Figure 5 ) under the condition where the reservoir water level falls from moment n with a water level of elevation (175 − n × 1:2) m to moment n + 1 with a water level of ð175 − ðn + 1Þ × 1:2Þ m at a velocity of 1.2 m/d [29] . Record the water head, gradient value, and direction of the seepage of point A at moments n and n + 1, in which the seepage direction is determined by gradient components in the horizontal and vertical directions
(3) Conduct a seepage test based on the recorded results from step (2) . During the test, the water head and seepage angle of the test sample are dynamically adjusted according to the numerical data at moment n and moment n + 1 to simulate the change process of the seepage field at point A during this period. Specific steps of the permeability test are shown as follows:
(a) Take the water head at moment n obtained in step (2) as the inlet water head of the tested sample, while the outlet water head is determined according to the head loss calculated by the gradient value J at point A and the total length L of the sample, that is,
Similarly, the water head and inclination angle of the tested sample at moment n + 1 can be determined (b) Since the variation of the water head and inclination angle from moment n to moment n + 1 is continuous and gradual, the time interval (24 hours) is divided evenly into three time periods during the test. The water head and inclination angle are adjusted every 8 hours (c) Measure the saturated hydraulic conductivity of the tested sample at moment n + 1. Carry out a sieve test on the tested soils taken from the outlet end with 1.5~2 cm in thickness to determine the grain-size distribution curve after n + 1 days'
Predict the soil-water characteristic curve and hydraulic conductivity function at the moment n + 1
Simulate unsaturated seepage field by Geo-studio from moment n with water level (175 -n × 1.2) m to moment n + 1 with water level (175 -(n + 1) × 1.2) m Determine the water head, gradient value, and direction of the seepage of point A at moments n and n + 1
Conduct permeability test based on the numerical data at moment n and moment n + 1
Obtain the saturated hydraulic conductivity and grain-size distribution curve at moment n + 1
Physical empirical model Geofluids permeability test. The remaining soil sample in the device will be used to continue further permeability tests (4) Predict the soil-water characteristic curve and hydraulic conductivity function at moment n + 1 based on the obtained saturated hydraulic conductivity and grain-size distribution curve in step (3c) (5) According to the unsaturated hydraulic parameters at moment n + 1, let n = n + 1. Repeat steps (2) to (4) to dynamically determine the grain-size distribution curves, saturated hydraulic conductivities, and hydraulic conductivity functions of the sliding soil at point A at different moments during the reservoir water falling process (6) The test ended when the process of reservoir water level drawdown was set to be finished (the total time of the process is 11 days)
Test Results and Analysis
3.1. Grain-Size Distribution Results. By dynamically adjusting the water head and seepage angle of the sample in the permeability test to simulate the seepage process in the sliding body under a reservoir water falling condition, sieve analysis of the soil sample at the end of each day during the test was performed. As the soil particles with a size larger than 2 mm usually lose less in the permeation process [30] , and a 2 mm aperture gauze was placed between the bottom permeable plate and the soil sample, the content of soil particles larger than 2 mm is considered basically unchanged. The grain-size distribution curves of the tested sample at the end of each day were plotted from the sieve test result and shown in Figure 7 . It can be seen from Figure 7 that the percent passing of the soil sample with a size less than 2 mm generally decreases with the increase of permeability test days under the reservoir water falling condition, in which the content with particles larger than 0.075 mm shows relatively small changes, while particles smaller than 0.075 mm show a relatively obvious change. During the whole test, the mass percentage of soil particles with a size less than 0.075 mm decreases from 34.9% to 31.5% with a reduction ratio of 9.7%. Among these particles, those with sizes less than 0.02 mm decrease significantly from 26.4% to 16.3% with a reduction ratio of 38.3%.
In order to show a more intuitional change of fine grain content in the soils at point A, the particle contents with diameters d < 0:075 mm and d < 0:02 mm were selected and depicted in Figure 8 for analysis. Figure 8 shows that the mass percentages of soil particles with sizes d < 0:075 mm and d < 0:02 mm decrease gradually with the increasing number of permeability test days; the mass percentage decrease rates are 0.34%/day and 0.99%/day, respectively. It can be seen that the soil samples are prone to seepage erosion due to the action of the seepage force during the reservoir water falling process, resulting in the gradual migration and loss of fine grains. Furthermore, the loss rate of soil particles with sizes less than 0.02 mm are larger than those with sizes less than 0.075 mm, indicating that the mass percentage of soil particles with smaller sizes deceases relatively faster.
Saturated Hydraulic Conductivity
Results. Figure 9 shows the measured saturated hydraulic conductivities of the soil sample in the sliding mass at different times. The saturated hydraulic conductivity of the tested soil sample increases 7 Geofluids gradually during the permeability test. At the beginning, the saturated hydraulic conductivity increases slightly. As the number of the permeation days increases, the change rate of saturated hydraulic conductivity increases first and then decreases. Since the saturated hydraulic conductivity is within the range of 10 -4~1 0 -2 cm/s, the tested sample belongs to medium permeable soil. As a coarse-grain soil, the coarse particles in the soil sample serve as the skeleton, while the fine particles fill the pores formed by the skeleton. In the initial reservoir water level falling stage, due to less migration and loss of fine particles and variation of pore structure (see Figure 10 ), the saturated hydraulic conductivity increases gradually but with small amplitude. With the continuous loss of fine particles and gradual formation of seepage channels (see Figure 10 ), the increase rate of saturated hydraulic conductivity enhances. When the formed seepage channels basically keep stable in the later stage of the test, the increase rate decreases. Thus, the saturated hydraulic conductivity of the soil mass in the sliding mass changes constantly during reservoir water drawdown process.
Soil-Water Characteristic Curve
Results. According to the measured saturated hydraulic conductivities and grain-size distribution results of the soil sample at different moments, the soil-water characteristic curves during the reservoir water falling process are determined with equations (1)-(3) and shown in Figure 11 .
The plotted soil-water characteristic curve (see Figure 11 ) demonstrates that with the increase of matric suction, the volumetric moisture content changes slightly at the initial stage, and then drops sharply to a certain level in the intermediate stage. After that, the variation of the volumetric moisture content is small even if the matrix suction increases by several orders of magnitude. By comparing the soil-water 8 Geofluids characteristic curves at different moments, one can find that these curves are basically the same at low matric suction stage (0.1~10 kPa), but differences between these curves are obvious at high matric suction stage (10~10 4 kPa). The volumetric water content tends to decrease gradually with the increase of permeability test times under the same matric suction condition. At matric suction of 10 4 kPa, the residual volumetric water content decreases generally with the increase of time, from 0.075 at the initial state to 0.037 at the 11th day. The above results show that the decrease of fine particle content in soil samples during the test has a certain effect on the soil-water characteristic curve. In order to intuitively reflect this impact, the relation curve between the mass percentage of soil particles with size d < 0:02 mm and the residual volumetric water content is plotted in Figure 12 . Figure 12 manifests that the residual volumetric water content of the tested soil sample has a significant positive cor-relation with the mass percentage of fine particles. That is to say, with the migration and loss of fine particles in the permeability test, the mass percentage of fine particles and the residual volumetric water content both decrease gradually. The reason is that the specific surface area of soil particles is larger with higher fine particle content. A larger specific surface area corresponds to a stronger water adsorption capacity, resulting in higher residual volumetric water content. When the fine particle content decreases, the adsorption capacity is reduced and the residual volumetric water content diminishes accordingly.
Unsaturated Hydraulic Conductivity
Results. Based on the determined saturated hydraulic conductivity and soilwater characteristic curve, the daily unsaturated hydraulic conductivity of the test soil sample was deduced by combining the Fredlund-Xing function model in the Geo-studio 9 Geofluids software and shown in Figure 13 . The variation trend of the unsaturated hydraulic conductivity function at different days is basically the same. It is basically unchanged at the initial stage when the matric suction is small. As the matric suction increases, the unsaturated hydraulic conductivity decreases gradually due to the diminution of the volumetric water content. Owing to the increase of porosity resulting from continuous migration and loss of fine particles in the soil during the test (Figure 10) , the unsaturated hydraulic conductivity corresponding to a fixed matric suction increases with the decrease of reservoir water level (or increase of permeability test time). After 11 days of permeability test, the unsaturated hydraulic conductivity of the soil sample corresponding to a fixed matric suction between 30 kPa and 300 kPa even increases larger than 10 times that of the initial value.
Influence of Hydraulic Parameter Variation on Slope Stability
In order to study the influence of hydraulic parameter variation on slope stability, the slope stability of the Woshaxi landslide during reservoir water level drawdown was numerically simulated using the Morgenstern-Price limit equilibrium method by the Geo-studio software based on the tested hydraulic parameters presented in Section 3. In the Geostudio software, the slope stability analysis is performed in the Slope/W module, which can directly utilized the seepage results calculated in the Seep/W module. Figure 14 shows the simulated seepage field results of the Woshaxi landslide during water level falling at a velocity of 1.2 m/d and the groundwater table in the slope generally decreasing with the time increasing. Based on the seepage calculation results acquired 10 Geofluids by the Seep/W module, the factors of safety of the Woshaxi landslide considering the variation of the soil-water characteristic curves and the unsaturated hydraulic conductivities during water level falling were calculated and shown in Figure 15 . The shear strength parameters of the slip surface used in slope stability analysis were obtained from tests and engineering analogy, with a friction angle of 18°and cohesion of 19 kPa. The calculated factor of safety gradually decreases with the drawdown of reservoir water level, demonstrating important influences of reservoir water falling on slope stability. When the water level falls below 159.4 m, the factor of safety decreases less than 1.05 and the slope will much probably undergo a large deformation (normally, based on numerous field observations from lots of engineering experience [29] , when the factor of safety of a soil slope is less than 1.05, the slope is most likely to have large deformations). Also plotted in Figure 15 are the calculated factors of safety of the Woshaxi landslide with constant hydraulic parameters (initial soil-water characteristic curves and unsaturated hydraulic conductivities), which also show the change rule of continuous decrease with the decline of reservoir water level. However, the factors of safety with constant hydraulic parameters are generally larger than the results obtained with variational hydraulic parameters, and the difference is more obvious when the calculated factor of safety gets close to 1.05 (allowable critical value for engineering- 11 Geofluids safety requirement). Being close to the allowable value, even a small reduction of the factor of safety can result in a big deformation of the reservoir bank slope in practice. Obviously, it is dangerous to ignore the dynamic change of hydraulic parameters during reservoir water level drawdown when calculating the factor of safety of a soil slope; the slope safety and deformation degree may be misjudged based on the results obtained with constant hydraulic parameters. Therefore, the influence of the dynamic change of hydraulic parameters on slope stability evaluation during reservoir water level drawdown should be accounted in engineering practice. In addition, it should be mentioned that the mechanical parameters may also exhibit dynamic characteristics during this process and play an important effect on slope stability, which is not considered in this paper and will be studied in the future.
Discussion
Based on the aforementioned test results and analysis, the permeability characteristics of the unsaturated soil in the Woshaxi landslide during the reservoir water drawdown process are discussed. The sliding soil mass of the Woshaxi landslide is classified as a coarse soil, with fine particles filling in the pores formed by coarse particles that serve as the skeleton. The seepage process of the unsaturated soil during reservoir water level falling is shown in Figure 16 . In the early permeation stage, the content of fine particles in the soil is high, which results in a large specific surface area of the soil particles, a strong water-holding capacity of the soil, a small pore space formed in the soil, and a less developed seepage channel (see Figures 10 and 16(a) ). Therefore, the initial saturated hydraulic conductivity of the soil mass is relatively 12 Geofluids small. With the decrease of the reservoir water level, the fine particles in the soil migrated and were lost because of the seepage force generated by water flow. As a result, the pore space increases and more obvious seepage channels develop (see Figures 10 and 16(b) ), which causes the increase in soil saturated hydraulic conductivity. Meanwhile, the volumetric water content of the soil under a high matric suction condition decreases gradually owing to the reduction of the specific surface area and water adsorption capacity triggered by the loss of fine particles. In the later permeation stage, most fine particles in the pore structure are rushed out under the seepage force action and the seepage channels gradually develop and become interconnected (see Figures 10 and 16(c) ). At this time, the increase rate of saturated hydraulic conductivity decreases, and changes of volumetric water content and unsaturated hydraulic conductivity of the tested samples at the same matric suction condition tend to be smaller with an increase of permeation time.
Conclusions
In this paper, seepage tests considering the dynamic change of water head and seepage direction caused by reservoir water level decrease were carried out by using an independently developed permeation apparatus, which can simulate the seepage process of soils inside the bank slope in the reservoir area. The dynamic variation characteristics of particle size distributions, soil-water characteristic curves, and unsaturated hydraulic conductivities under a reservoir water drawdown condition were studied by combining the physical empirical model and numerical simulation during the permeability test. The research conclusions are as follows:
(1) Compared with the conventional infiltration instrument, the developed permeation apparatus in this paper can truly and effectively simulate the change of the seepage field of the soil inside the bank slope during reservoir water rising and falling processes by adjusting the prescribed water head value and inclination angle of the sample in real time. It can provide technical support for the determination of unsaturated permeability characteristics of the soil in the bank slope during reservoir operation (2) In the simulated reservoir water level falling process, the fine particles in the soil of the sliding mass migrated and were lost under the seepage force action. The grain-size distribution curve changed obviously in the fine grain segment, in which the decrease of particles with a size less than 0.02 mm dominated. According to the developing process of the seepage channels in the soil sample, the saturated hydraulic conductivity showed a gradually increasing trend during the test, with the change rate increasing at first and then decreasing (3) During the permeability test, the soil-water characteristic curve changes slightly in the low matric suction segment (0.1~10 kPa), but there were obvious changes in the high matric suction segment (10~10 4 kPa). Under high matric suction, the volumetric water content positively correlated with the fine particle content decreased with the increase of permeation time (or the decrease of reservoir water level). With the decrease of reservoir water level, the unsaturated hydraulic conductivity of the soil sample corresponding to a fixed matric suction increases (4) Compared with the results obtained considering the dynamic change of hydraulic parameters during reservoir water level drawdown, the calculated factor of safety with constant hydraulic parameters is generally larger and dangerous for landslide safety evaluation, demonstrating the importance of accounting for the influence of the dynamic change of hydraulic parameters on slope stability evaluation during reservoir water level drawdown in practice
